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FURTHER STUDIES ON THE PROPHYLAXIS OF
EXPERIMENTAL INFECTIONS AND INTOXI-
CATIONS WITH VARIOUS HORMONE
PREPARATIONS*
LOUIS WEINSTEIN
Beneficial effects following treatment with various hormone
preparations have been reported in many types of experimental and
clinical infections. While some of the results obtained have been
fairly conclusive, on the whole, no definite conclusions can be drawn
from these investigations as to the exact role which the endocrines
play in bacterial or virus diseases. The literature on this subject
has been reviewed previously' and will not be repeated here.
In a previous study' it has been shown that, while certain hor-
mone preparations do not influence experimental anthrax infection
when given for a period prior to infection, others exert a highly pro-
tective effect, as high as 75 per cent of the treated animals surviving
infection with 1000 minimum lethal doses of B. anthracis. Probably
the greatest protection was exerted by an extract of the parathyroid
gland, although a high degree of protection was conferred by
extracts from the anterior portion of the pituitary (prolactin, thyro-
tropic, gonadotropic, growth-complex, and a combined extract of
the whole anterior pituitary). Some preparations, among them
extracts of the thymus and pineal body, testosterone propionate,
alpha-hypophamine, and thyroxine, produced a slight to moderate
degree of protection, while insulin, estrin, adrenal cortical hormone,
progesterone, and beta-hypophamine produced little or no change
in the susceptibility of mice to anthrax. Estrin, given in large doses
for some time previous to inoculation with anthrax organisms,
decreased the resistance of the mice,-the deaths in the groups
receiving this substance began earlier and were more numerous than
in the controls.
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Study of the death rates of animals treated with those hormones
which exerted a protective effect and of the death rates among the
controls showed that the number of survivors at the termination
of the experiment could be correlated with the slopes of the death
rate curves. Thus, in instances where a protective endocrine prepara-
tion was administered, the first death among the treated animals did
not take place until some time after deaths had appeared in the con-
trol groups or in those which had received substances only slightly
or moderately protective. This indicated that, although not all of
the animals treated with such materials as prolactin, parathyroid
extract, or thyrotropic hormone were protected to the point where
they were able to survive, all were provided with some increase in
resistance. In many instances this was sufficient to delay death for
an appreciable time.
Although the protective effect of some hormones has been
demonstrated in the case of experimental anthrax infection, these
results may not hold for other infections. Since it was thought that
the increase in resistance which had been produced was more or less
non-specific and was not directed against any particular organism or
related to the enhancement of a single immunologic process, but
probably was the result of a general decrease in susceptibility of the
treated animals, the investigation reported here was undertaken to
determine whether or not the same hormones would have a like
effect in other infections.
The suggestion has been made that the ability of certain types of
organism to invade a host may be related to the production of a
spreading factor, hence, it was thought that determination of the
effect of hormones on this substance might throw some light on the
mechanism by which endocrine secretions raise the resistance of ani-
mals to experimental disease. The spread of India ink as influenced
by testicular extract was studied in hormone-treated and control
rabbits.
Materials and methods
The hormone preparations used in this work were parathyroid extract and
an extract prepared fiom the anterior portion of the pituitary gland, no
attempt being made to isolate any of its components. The endocrine sub-
stances were injected daily for a period of 5 days, a day of rest was allowed,
5 more daily injections were given, followed by another day of rest, and a
final series of 5 doses of hormone was administered. At the conclusion of
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this treatment, the experimental animals were infected with various organisms
or with tetanus toxin and the death rates were determined. No hormone was
administered on the day of infection or intoxication or subsequently. The
doses of endocrine materials used were as follows: parathyroid extract, 2.5
Hanson units daily; anterior pituitary extract, 0.1 cc. daily.
The experimental animals, white female mice of about equal weight,
were kept in the laboratory for a period of two weeks before beginning the
hormone treatment in order to detect signs of natural infection which might
complicate the experiment. Groups of 40 animals were injected daily with
each of the hormone preparations; the same number of mice served as con-
trols and received a daily injection of 0.1 cc. of meat-extract broth as a check
on the protein effect of the endocrine substances. Heavier protein solutions,
such as egg albumin, were not employed as control material, since it had been
shown previously' that there is no difference between egg albumin and pep-
tone as control substances.
For the tests involving spreading factor, 15 rabbits were divided into 3
groups of 5 each (3 males, 2 females). Two of the groups were injected
with hormones, the third receiving broth. After 3 weeks of treatment, spread-
ing factor (testicular) and India ink were used to study the permeability of
the cutaneous tissues and any changes which might have been produced by the
hormone administration. Ink and testicular extract were injected intracu-
taneously on one side and ink mixed with physiologic saline on the other.
The organisms used for infection were E. coli, Ps. pyocyaneus, and
K. pneumoniae. The minimum infective dose of each of these bacteria was
determined and the necessary number of organisms injected intraperitoneally
on the day following cessation of hormone administration. In the tetanus
experiments, the animals were injected subcutaneously over the left hip with
toxin, two groups of 40 mice each being used in each test and two separate
experiments being carried out. Two m.l.d. were used in the first experiment
and 5 m.l.d. in the second, observations being made of the appearance of
spastic paralysis and of death.
Results
Infection with Klebsiella pneumoniae
Followinginfection with K. pneumoniae, no differences could be
detected either in the death rate or in the total number of survivors
between those groups of mice treated with parathyroid extract or
anterior pituitary substance and the controls. Two experiments,
with 40 animals in each group, gave practically the same results.
As a matter of fact, in some stages of the experiments the hormone
injections seemed to decrease resistance, as shown by the fact thatYALE JOURNAL OF BIOLOGY AND MEDICINE
the number of survivors at certain time intervals was greater in the
control groups than in those treated with either endocrine prepara-
tion. The data from one of these experiments appear in Table 1.
TABLE 1
INFLUENCE OF HORMONES UPON K. PNEUMONIAE INFECTION
Percentage ofmice dead at hoursindicated
Treatment 24 48 72 96 120
Parathyroid, 2.5 units .......................... 0 0 70 70 95
Ant. pituitary, 0.1 cc...........................0 0 60 100 ....
Broth (controls), 0.1 cc.......................0 050 90 100
Infection with Escherichia coli
Forty mice treated with each hormone and the same number of
controls were infected with E. coli intraperitoneally and the time of
death ofeach animal was noted. Since it was found that the greatest
percentage of each group died within 24 hours following injection
of the organisms, it seems probable that the death of the animals was
caused not solely by invasion but in great part by intoxication with
bacterial protein. Thus, the study of this infection presented an
opportunity to ascertain the effects of prophylactic hormone treat-
ment on a combined infection and intoxication. Almost all of the
deaths had occurred at the end of 24 hours followinginjection of the
organisms. Ninety-five per cent of the control animals were dead
24 hours after infection, while all had succumbed by the end of 48
hours. Sixtypercent oftheparathyroid-treated mice died in the first
24 hours, there being no further deaths even after 120 hours. Simi-
lar results were obtained with the group which had been given ante-
rior pituitary extract prophylactically, the total number of deaths
being 80 per cent at the end of the experiment (Table 2).
TABLE 2
INFLUENCE OF HORMONES ON E. COLI INFECTION
Percentage ofmice dead at hours indicated
Treatment 24 48 72 96 120
Parathyroid, 2.5 units .......................... 60 60 6060 60
Ant. pituitary, 0.1 cc. .......................... 80 80 80 80 80
Broth (controls), 0.1 cc. .................... 95 100 .... ....
Infection vhtk Pseudomonas pyocyaneus
Parathyroid extract givenprophylactically exerted avery marked
effect in increasing the resistance of mice to Ps. pyocyaneus when
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injected intraperitoneally, the death rate being not only retarded
but diminished in degree. A difference of 55 per cent in the num-
ber of animals surviving in the parathyroid and control groups was
noted. Extract of the anterior pituitary gland was also found to
exert a protective action, but not of the same magnitude and its
effect was more pronounced on the death rate than on the number
of survivors. A difference of only 10 per cent between the pitu-
itary and the broth-treated mice was noted at the completion of
the experiment. The relative activity of the two hormones was
found to be the same as in infection with E. coli. In view of the fact
that fairly large amounts of culture had to be injected in order to
produce death in any of the animals and that a large portion of the
control group succumbed within 24 hours following injection, it
would seem that intoxication with bacterial protein played a greater
role than did actual invasion. In this experiment, therefore, as well
as in the preceding one, the effect of the hormones on a combined
infection and intoxication, rather than on a simple bacterial infection,
was determined. The results are given in Table 3.
TABLE 3
INFLUENCE OF HORMONES ON PS. PYOCYANEUS INFECTION -
Percentage of mice dead at hou4rs indicated
Treatment 24 48 72 96 120
Parathyroid, 2.5 units .......................... 25 35 3535 35
Ant. pituitary, 0.1 cc. ........................ 50 60 60 80 80
Broth (controls), 0.1 cc ....................... 70 7070 9090
Intoxication wseth Tetanms Toxin
Two experiments were carried out to determine the effect of
hormone administration on the resistance of mice to tetanus toxin,
40 animals being included in each group. Two m.l.d. of toxin were
injected in the first experiment and S m.l.d. in the second, the mate-
rial being given subcutaneously over the left hip of each animal.
The time of first appearance of spastic paralysis of the limb and the
time of death were noted.
Paralysis was found to appear at practically the same time in the
treated and control groups, although there was a marked difference
in the death rates and in the total number of survivors. Extract of
the parathyroid gland decreased the rate of death and permitted 25
per cent ofthe mice to survive the intoxication for at least 120 hours.YALE JOURNAL OF BIOLOGY AND MEDICINE
While anterior pituitary hormone flattened appreciably the slope of
the death-rate curve, at the end of the experiment 100 per cent of
this group, as well as of the control group, had succumbed. These
results were obtained following intoxication with 2 m.l.d. of tetanus
filtrate, but the same protective trend was observed when S m.l.d.
FI I- were used. With this dose
9 r whORMJ ES / oftoxin,parathyroid extract
90 oMTEnNub osTOXIioTION a wit ... | v z gave practically the same
so "e .. number of survivors as with
70 v / . . ,' 2 m.l.d., deaths occurring
c / . 'somewhat earlier in the
g / ,' ~~~~~~treated as well as in the
2.x / .. o'control groups. Extract of
40 / the anterior pituitary was
less effective in protecting
against the larger amount
____T O"L oftoxin, but deaths occurred
- -PR -.."010 at a slower rate than in the
group which had received
rl6, 72! 95 @ no hormone treatment. At
the end of the experiment
employing S m.l.d. of toxin, all of the animals in the control group
and in that which had received anterior pituitary had died, whereas
20 per cent of those given parathyroid extract survived. The results
of the test with the 2 m.l.d. dose of toxin are presented in Table 4.
The death rates have been plotted in Fig. 1.
TABLE 4
INFLUENCE OF HORMONES ON INTOXICATION WITH TETANUS TOXIN
Percentage ofmice dead at hours indicated
Treatment 60 72 84 96 120
Parathyroid, 2.5 units ........................ 520 50 65 75
Ant. pituitary, 0.1 cc. .......................... 2050 75 80 100
Broth (controls), 0.1 cc . ...................... 35 70 85 100 ..
Influence of hormones on the spreading factor of Duran-Reynals
Fifteen rabbits were divided into three groups of five each; one
group received 30 Hanson units of parathyroid extract daily for
three weeks prior to being tested with spreading factor, another
group received a similar course of I cc. injections of extract of the
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anterior pituitary gland, and the third was given meat extract broth
in place of the hormones. At the end of this period of treatment,
India ink in physiologic saline was injected intracutaneously in one
site on each animal and India ink combined with testicular extract in
another site. Observation of the areas injected showed 2 and 24
hours later that in the control rabbits the testicular extract had
enhanced the spread of the ink, as would be expected. No such dif-
ference could be detected in the five animals which had received para-
thyroid extract prior to testing with the spreading factor, both sites
being the same size in area. It appears, therefore, that treatment
with parathyroid hormone prevents the spread of ink which usually
accompanies the addition of testicular extract. The rabbits which had
been treated with anterior pituitary substance for three weeks prior
to being tested also showed a decrease in the ability of the ink to
spread when injected with spreading factor, the degree of inhibition,
however, being less than that produced by parathyroid hormone.
The area of the spread of ink injected along with spreading factor
was about twice as large as that where ink and saline had been intro-
duced. More exact measurements showed that in the control ani-
mals the relative areas of the ink plus saline and the ink plus
spreading factor were at least 1:4, often 1:8 or greater, while in the
rabbits treated with anterior pituitary this ratio was about 1:2, and in
those receiving parathyroid it was approximately 1:1. These animals
were allowed to rest for a period of about two months and were then
treated again for 3 weeks with the respective endocrine and retested
with India ink and spreading factor. The ratios found in the second
experiment were practically identical with those recorded above.
Discussion
The failure of the hormones studied to protect against infection
with Klebsiella pneumoniae cannot be explained. With this organ-
ism only small doses were required to produce death, hence intoxica-
tion by bacterial protein does not seem to be involved. In the
infections with E. coli and Ps. pyocyaneus large amounts of culture
were required to kill, and death following intraperitoneal injection
occurred quickly, suggesting that intoxication by the bacterial protein
was perhaps more significant than was actual invasion by the organ-
isms. However, in view of the results obtained it is apparent that
certain hormones possess the ability to protect against infections in
which both intoxication and actual bacterial invasion are involved.YALE JOURNAL OF BIOLOGY AND MEDICINE
The experiments with tetanus toxin offered an opportunity to
investigate the action of endocrine preparations on a pure intoxica-
tion. It is interesting to notethat, although both treated and control
animals developed spastic paralysis at the same time, indicating no
hormonal protection against the development of local tetanus, slower
death rates were observed in the treated mice as contrasted to the
control group, showing that the administered endocrine substance
prevents, in some measure, the absorption and dissemination of the
toxic material. The effect of the hormones seems to be, therefore,
on those tissues through which the toxin travels from the site of
inoculation to the nervous system, tending to increase their resistance
to the spread of the poisonous material possibly by decreasing per-
meability.
The experiments on the relation of hormone treatment to the
spread of India ink as influenced by spreading factor are of special
interest, since some bacterial types have been thought to possess
invasive power due to the elaboration of a substance of this charac-
ter. Although not all bacteria produce this material, it seems likely
that many infections which take place by way of the skin may be
influenced by the state of permeability of cutaneous tissues, which
may vary under different conditions. The experiments reported
here indicate definitely that treatment with parathyroid hormone
decreases the permeability of the skin to the point where spreading
factor fails to exert a noticeable effect, while anterior pituitary sub-
stance also alters the cutaneous permeability but to a lesser degree.
It is interesting to note that the hormones stand in the same order
with respect to their influence on infection and intoxication as they do
in relation to their effect on spreading factor. Thus, parathyroid
extract was most effective in protection against infection with E. coli
and Ps. pyocyanoeus and in tetanus intoxication and also most active
in decreasing the permeability of the skin, while anterior pituitary
extract was less protective against bacteria and toxin and also less
effective in decreasing the action of testicular extract. These results
might be taken to indicate that the endocrine substances act benefi-
cially in infection and intoxication by causing the retention of the
harmful agents at the site of introduction and thus allowing the host
sufficient time to elaborate its own defense against the invading
material. Theevidence forthis hypothesis is, however, only indirect
and inconclusive.
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Conclusions
1. Prophylactic treatment with anterior pituitary and parathy-
roid hormones was found to offer no protection against infection with
Klebsiella pneumoniae.
2. The hormones studied gave partial protection against infec-
tion and intoxication with E. coli and Ps. pyocyaneus, causing a
retarded death rate and permitting a greater number of survivors at
the end of the experiment. Parathyroid extract was more effective
than anterior pituitary extract.
3. Parathyroid extract prevented the spread of tetanus toxin
from the local site of injection and delayed death in the treated
group. It also allowed a greater number of survivors. Anterior
pituitary extract, although somewhat protective, was less efficient
than was the hormone from the parathyroid gland.
4. The hormones studied were found to decrease the permea-
bility of the cutaneous tissues. Thus, the ratio of the area receiving
ink and saline to the area receiving India ink plus testicular extract
was about 1:1 in the parathyroid-treated rabbits, 1:2 in those treated
with anterior pituitary extract, and 1:4, 1:8 or more in the controls
receiving broth injections.
5. The mechanism of the protection exerted by the -hormones
cannot be explained, but there is some evidence to indicate that it
mnay be correlated with the ability of the endocrine preparations to
decrease the tissue permeability.
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